Oligo(N vinyl 4,5,6,7 tetrahydroindole co butyl vinyl ethers) have been synthesized through free radical cooligomerization with a yield of 84%. The copolymers are readily soluble in organic solvents (benzene, 1,4 dioxane, chloroform, and tetrahydrofuran), stable up to 380-400°C, and paramagnetic. (The concentration of paramagnetic centers is 10 14 spin/g.) In addition, the copolymers exhibit the properties of organic semiconductors. (After being doped with iodine, σ = 1.1 × 10 -7 S/cm.) The analysis of the 1 H and 13 C NMR spectra has shown that the oligomerization reaction is complicated by intramolecular cyclization involving carbon atoms located at the 2 position of pyrrole rings.
INTRODUCTION
Polymers of N vinylpyrroles are promising materi als for high technologies as precursors of organic semi conductors and materials for recording and storage of information [1] [2] [3] [4] [5] [6] [7] , polymer azo dyes [8, 9] , sorbents of noble metals [10] , biologically active substances, and plant protectants [11] .
Ladder polymers of N vinylpyrrole and N vinyl 3 decylpyrrole, which are produced through free radical polymerization via vinyl groups followed by oxidation of pyrrole fragments, have electrical conductivities of 10 ⎯ 2 -10 -3 S/cm [3] [4] [5] . Poly(N vinyl 2,3 diphe nylpyrrole) is a photosensitive material possessing good adhesion and a low softening temperature [7] . Polymers of N vinylpyrroles, such as 1,4 bis[2 (N vinyl)pyrrolyl]benzene, N vinyl 2,5 diphenylpyrrole, N vinyl 2,3,5 triphenylpyrrole, 9 methyl 3 (N vinylpyrrole 2 yl)carbazole, N vinyl 2 (1 anthrace nyl)pyrrole, and N vinyl 2 (2 anthracenyl)pyrrole, have been proposed for use as new highly efficient luminescent materials. Moreover, they are believed to be promising for the creation of conducting electro chromic layers in electro optical devices (thin film displays and fluorescent sensors) [12] . Polymers based on vinyl ethers have found use in medicine [13] [14] [15] [16] ; in the production of varnishes, adhesives [17] , and ther moplastic materials [18] ; and as components of cos metic composites [19] and electrically conducting materials [20] . Based on poly(vinyl ethers), Fe 2 O 3 containing nanocomposites with magnetic properties have been obtained [21] . Copolymers of N vinyl 4,5,6,7 tetrahydroindole with ethylene glycol vinyl glycidyl ether sensitized with 2,4,7 trinitrofluorenone are photosensitive materials [22] . Vinyl ethers have low reactivities in free radical polymerization. As a rule, oligomers form with a low yield [23] [24] [25] .
The results of free radical cooligomerization of N vinyl 4,5,6,7 tetrahydroindole with butyl vinyl ether, the reactivities of the monomers, and the prop erties of the resulting oligomers are discussed in this paper.
EXPERIMENTAL
The solvents, benzene and n hexane, were purified via the standard procedures [26] . AIBN was twice recrystallized from ethanol. N Vinyl 4,5,6,7 tetrahy droindole was obtained through the Trofimov reaction [27, 28] with a yield of 93%. Butyl vinyl ether was puri fied via fractional distillation over sodium metal;
According to a typical procedure of oligomer syn thesis, a reaction mixture containing N vinyl 4,5,6,7 tetrahydroindole (I, 8.15 g, 55.36 mmol), butyl vinyl ether (II, 1.85 g, 18.47 mmol), and AIBN (0.2 g, 1.22 mmol, 2 wt %) was prepared, placed into ampoules, and sealed under argon. The reaction was performed at 80°C for 26 h. The resulting product (III) was dissolved in benzene (20 mL), precipitated into n hexane (200 mL), washed with the precipitant (3 × 50 mL), and dried in vacuum (1 mmHg) at room temperature to a constant mass to obtain a white powder (7.30 g, 73%) soluble in benzene, chloroform, and tetrahydrofuran and insoluble in hexane, diethyl ether, ethanol, ace tone, acetonitrile, DMSO, DMF, and 1,4 dioxane.
The compositions of the oligomers were deter mined from the data of elemental analysis against nitrogen and 1 H NMR spectra. Their molecular masses were measured via the isopiestic method in benzene at 60°C with azobenzene used as a reference [29] .
The microstructural parameters of the oligomers, i.e., average length L of blocks comprising the same units and blockiness (Harwood) parameter R, which characterizes the number of blocks composed of iden tical units per 100 units of a copolymer, were calcu lated through equations taken from [30] .
Turbidimetric titration was performed at 20°C with a KFK 2 spectrophotometer (λ = 590 nm). For this purpose, the copolymer (0.03 g) was dissolved in ben zene (5 mL) and the precipitant, hexane, was added in 0.1 mL portions under stirring.
The IR absorption spectra of the initial monomers and synthesized oligomers were recorded in the range 400-4000 cm -1 (thin layers of liquid monomers and KBr pellets of solid polymers) with a Bruker Vertex 70 spectrometer. The NMR spectra were measured with a Bruker DPX 400 instrument operating at frequencies of 400.13 MHz for 1 H and 100.6 MHz for 13 C in CDCl 3 . Hexamethyldisiloxane was used as an internal reference.
The EPR spectra were recorded at room tempera ture with an ELEXSYS E 580 Bruker pulsed radiospectrometer. A precisely weighed portion of an oligomer was placed into an ampoule 4 mm in diame ter. The concentration of paramagnetic centers was calculated through the method of double integration with diphenylpicrylhydrazyl used as a calibration ref erence.
Elemental analysis was performed with a FLASH 1112 series EA instrument (Thermo Finnigan, Italy) and a TM 3000 electron microscope (Hitachi) equipped with an SDD XFlash 430 H detector.
The electrical conductivities of the polymers were measured on an E6 13A standard teraohmmeter with the use of samples prepared as pellets pressed under a pressure of 700 kg/cm 2 . Oligomers were doped with iodine via the diffusion method in the gaseous phase for 24-168 h.
Thermogravimetric analysis of the polymers was performed with a Q 1500 derivatograph (MOM, Hungary) at a maximum temperature of 700°C, a heating rate in air of 10°C/min, and a differential thermal analysis (DTA) sensitivity of 1/10.
RESULTS AND DISCUSSION
Copolymerization of N vinyl 4,5,6,7 tetrahy droindole (I) with butyl vinyl ether II at 80°C yielded oligomers III in the form of white powders that had molecular masses up to 1200 and that were infusible at temperatures below 350°C and soluble in benzene, dioxane, and chloroform.
(1)
The ratio between the initial monomers has a deci sive effect on the rate of copolymerization and the product yield (Fig. 1) . The maximum rate (~8% per hour) at initial conversions is observed at the highest content (90 mol %) of pyrrole I in the initial mixture; the polymerization rate and the yield of the oligomers decrease with a reduction in its molar fraction in the initial mixture ( Fig. 1, Table 1 ). This result is most likely due to the different reactivities of the monomers in the copolymerization. The reactivity ratio calcula tions made through the Kelen-Tüdös method [31] (r I = 1.30 and r II = 0.13) show that compound I has a higher reactivity in free radical polymerization than compound II. In this case, the decrease in the reaction rate may be related to a reduction in the concentration of the more reactive monomer, monomer I.
The structures of the synthesized oligomers were established on the basis of the 1 H NMR and IR spec troscopy data. In the 1 H NMR spectra (CDCl 3 )), all signals are broadened. The following characteristic peaks may be distinguished: a signal in the range 0.85-0.89 ppm due to protons of the methyl group; a broad unresolved signal in the range 1.43-1.69 ppm attrib uted to protons of СН 2 groups of polymer chains and CH 2 groups of the ether and tetrahydroindole frag ments in the 5 and 6 positions; signals in the range 2.32-2.46 ppm due to protons of tetrahydroindole cycles in the 4 and 7 positions; a broad signal at 3.18-3.49 ppm due to protons of OCH 2 -groups, OCH groups of ether II, and the N-CH group of pyr role I; and signals in the ranges 5.79-5.89 and 6.13-6.26 ppm due to protons of pyrrole rings in the 3 and 2 positions, respectively (Fig. 2) 
